Differential drug susceptibility of intracellular and extracellular tuberculosis, and the impact of P-glycoprotein.
If tuberculosis therapy is to be shortened it is imperative that the sterilising activity of current and future anti-tuberculosis drugs is enhanced. Intracellular Mycobacterium tuberculosis (MTB) phagocytosed by macrophages may be a key subpopulation of bacteria that are less readily eliminated by therapy. Here we investigate whether macrophages provide MTB with a pharmacological sanctuary site, making them less susceptible to chemotherapy than extracellular bacilli. Intracellular drug activity was determined by a novel colorimetric method that measures the ability of a drug to protect A-THP1 cells from infection-mediated cell death by H37Rv. Extracellular bactericidal activity was determined by the microplate alamar blue assay (MABA). Further, the effect of P-glycoprotein (P-gp) expressed on macrophages on the intracellular kill of H37Rv was assessed. To screen the anti-tuberculosis drugs for P-gp substrate specificity, their toxicity and cellular accumulation were determined in CEM and CEM(VBL100) cells. Intracellular and extracellular anti-tuberculosis drug activity following 7-day treatment with isoniazid (mean EC(50)+/-SD: 36.7+/-2.2 and 57.2+/-2.5 ng/mL, respectively) and ethambutol (243+/-95 and 263+/-12 ng/mL, respectively) were similar. However, for rifampicin a higher concentration was required to kill intracellular (148+/-32 ng/mL) versus extracellular (1.27+/-0.02 ng/mL) bacilli. The P-gp inhibitor tariquidar, significantly increased intracellular kill of H37Rv by ethambutol and rifampicin and both of these drugs were shown to be substrates for P-gp using the P-gp overexpressing CEM(VBL100) cells. We observed a large discrepancy between intracellular and extracellular activity of rifampicin (but not with isoniazid or ethambutol). Several factors could have accounted for this including inoculum size, media and cell-mediated metabolism. These factors make the comparison of intracellular and extracellular drug activity complex. However, the intracellular assay described here has potential for studying the impact of host proteins (such as drug transporters) on the intracellular activity of drugs, and has been used successfully here to demonstrate that both rifampicin and ethambutol are substrates for P-gp.